Abstract. There is an inherent need to identify differentially expressed genes (DEGs), characterize these genes and provide functional enrichment analysis to the publicly available lung cancer datasets, primarily coming from next-generation sequencing data or microarray gene expression studies. The risk of lung cancer in patients with smokers is manifold, and with chronic obstructive pulmonary disease (COPD) it is 2-to 5-fold greater, compared with smokers without COPD. In the present study, differential expression analysis and gene functional enrichment analysis of lung cancer gene expression datasets obtained from NCBI-GEO were performed. The result identifies a significant number of DEGs which have at least a 2-fold change in their expression. Among them, six genes were found to have a 4-fold change in the expression level, and 47 genes exhibited a 3-fold change in the expression. It was also observed that most of the genes were upregulated and few genes were downregulated.
Introduction
Lung cancer is one of the most common cancer types occurring in both men and women. According to the American Institute for Cancer Research (AICR), approximately 2 million new cases of lung cancer were reported in the year 2018 (1,2). As per the GLOBOCAN report of 2018, lung and breast cancer have the highest incidence rate, with lung cancer (Fig. 1) being the leading cause of mortality (2) consistent with other reports (3, 4, 5) . A list of the top 20 countries with the highest rate of lung cancer in 2018 is presented in Fig. 2 (1). Strong evidence suggests that arsenic-containing drinking water and high-dose of beta-carotene augment the risk of lung cancer. In addition, consuming red meat and alcoholic may increase the risk (6) . Lung cancer begins in the lungs as a mutation in oncogenes and proliferates as primary tumor and may spread to lymph nodes or other organs in the body by metastases. It is classified as small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC). Of the two, NSCLSC accounts for approximately 85% among all the lung cancer cases. The major subtypes of NSCLC are adenocarcinoma (40%), squamous cell carcinoma (30%), and large cell carcinoma (15%) (7) . Smoking is the main causative agent of lung cancer. For a non-smoker, exposure to passive smoking also causes lung cancer. In general, exposure to a carcinogen increases the risk of developing lung cancer, which includes asbestos, arsenic, chromium, nickel, radon, tobacco, benzene, cadmium, formaldehyde and crystalline silica (8) . It has been reported that there is approximately 16% chance for 5-year survival (9) .
As far as lung cancer is concerned, the chronic obstructive pulmonary disease (COPD) is a significant risk factor which can be associated with the patient's susceptibility to cigarette smoking. In fact, severe inflammation induced due to toxic gases trigger COPD and lung cancer (10) . The most common COPD are emphysema and chronic bronchitis. Bronchitis is inflammation of the bronchi. Emphysema causes damage to the alveoli, the air sacs in the lungs. The walls of the damaged alveoli become stretched out and make it difficult for diffusion. COPD is primarily caused by smoking and long-term exposure and contact with harmful pollutants that include certain chemicals, dust, or fumes and rarely, by alpha-1-antitrypsin and deficiency or a genetic condition.
COPD is measured by spirometry grading systems and one of them is GOLD classification. The GOLD classification is used for determining COPD severity and helps in prognosis and treatment plan. Based on spirometry testing, COPD and is graded as: mild (grade 1), moderate (grade 2), severe (grade 3) and very severe (grade 4). It is dependent on the result of the spirometry test of a patient's FEV1, i.e., the volume of air one may breathe out of the lungs in the first one second of a forced expiration. As FEV1 decreases, the severity increases. With the progress in time, the patient is more susceptible to various complications, including respiratory infections, heart problems, high blood pressure in lung arteries (pulmonary hypertension), flu, colds, pneumonia, depression, anxiety, and lung cancer.
In fact, COPD and lung cancer are linked in a number of ways, one being that smoking is the most common risk factor; others include passive smoke or exposure to chemicals or other fumes in the workplace. It has been estimated that between 40 and 70% of individuals with lung cancer also have COPD and it is concluded that COPD is a risk factor for lung cancer (11, 12) . By contrast, a study by Durham and Adcock (9) suggested that COPD is a driving factor in lung cancer. COPD is the leading cause of mortality projected to rank 3rd in 2020 (13) and comes under the environmental factors such as smoking (14) . Exacerbation of COPD exhibits various symptoms that include cough, production of sputum or shortness of breath. It can be caused either by bacterial or viral infections or inhaled particles. The genetic factor can also be helpful in determining the frequency of this disease (15) .
Gene expression studies are an important tool for transcriptomic analysis of an organism that helps to quantify expression level genes in both disease and normal conditions. Gene expression profiles of two different conditions (disease versus normal) can be compared to reveal potential key regulators or differentially expressed genes (DEGs), or co-regulated genes, either up-or downregulated (16) . The key regulators or DEGs may be possible gene biomarker responsible for the disease condition (17, 18) . A few gene expression studies on COPD and lung cancer (14, 15) are available; however, our aim is to identify DEGs and determine their functional analysis. The present study presents a systems biology perspective to decipher DEGs in lung cancer using microarray gene expression profiles and determine their functional analysis.
Materials and methods
Datasets. In order to identify DEGs, i.e., key gene biomarkers, two types of samples with multiple replicas were required: lung cancer tissue samples and healthy lung tissue samples. On studying these samples, factors that could be the reason for COPD or lung cancer were identified. These factors were genetic or environmental. COPD may be an emphysema type. In emphysema, air sacs are damaged and the patient does not get the oxygen required. Exacerbation of COPD can be diagnosed on the basis of symptoms including cough, shortness of breath, and generation of sputum.
In the present study, publicly available gene expression profiles were obtained from Gene Expression Omnibus (GEO accession no. GSE1650) where data referable to patients were properly anonymized by submitters and informed consent was obtained by the investigators during the original data collection. The following information labels were available and collected for each sample: sample GSM number, status (public on month/day/year), title (number letter) sample type (RNA), source name (lung tissue), organism (Homo sapiens), extracted molecule (total RNA), and description (lung tissue and resected lung taken from smokers).
Of the 30 patients, 18 samples belong to severe emphysema patients and the remaining 12 samples belong to patients having mild or no emphysema. A comparison was made of the expression profiles of severely emphysematous tissue and normal/mildly emphysematous lung tissue from smokers with nodules suspicious of lung cancer. The comparison provides insights into the pathogenetic mechanisms of COPD.
Methodology. The adopted methodologies are presented in Fig. 3 and described as follows:
Data preprocessing: the microarray data were originally available as a CEL file, which is quantified and converted to gene expression values. After conversion into gene expression values, it is further quality checked and normalized to reduce variance among the data.
Differential expression analysis: the analysis of DEGs was performed using GEO2R tool available at NCBI-GEO. It is a user-friendly and interactive web-based tool that helps the researcher to compare groups of samples for the purpose of identifying DEGs across experimental conditions. We used adjusted P-value with Benjamini and Hochberg (19) false discovery rate and log fold-change as statistical metrics for evaluation purpose.
Results and Discussion
The considered datasets comprising 30 patients, out of which 18 samples belong to severe emphysematous tissue and 12 patients have normal/mildly emphysematous lung tissue from smokers suspicious of lung cancer. In order to understand the distribution of gene expression data among these two groups of samples, we depicted boxplot as shown in Fig. 4 . It is observed from the boxplot (Fig. 4) that the values of gene expression lie between 0 and 300, while their 2nd quartile (mean) fluctuates around 50. Thus, the gene expression data are uniformly distributed.
The Heatmap diagram shows the combined with clustering group genes and/or samples based on gene expression similarity pattern, which is helpful for the identification of commonly regulated genes, or gene signature associated with a disease. The heatmap diagram of our considered dataset is shown in Fig. 5 , where rows represent genes and column represents samples. The changes of gene expression are depicted as color intensity; for instance, green color represents downregulated genes, red presents upregulated genes, and black represents no changes in the expression. It is observed from Fig. 5 that the majority of the genes are regulated, either down-or up-regulated. The profile graph of the six DEGs having a 4-fold change in the expression, i.e., NKTR, PLGLB1, CHI3L1, IL17A, C5AR2, and HAPLN1 are depicted in Fig. 6 .
we obtained 623 DEGs which had FC ≥2 in the expression level between the two samples. Out of 623 DEGs, 6 genes have a 4-fold change in the expression level, while 47 DEGs have a 3-fold change in their expression level (Fig. 6) . The list of DEGS show 3-and 4-fold change in the expression level, along with other statistics such as adjusted P-value, P-value, moderated t-statistics, B-statistics, log FC and FC (Table I) . We further performed the Gene Ontology (GO) functional enrichment analysis of six DEGs found to have a 4-fold change in their expression (Table II) . From our DEGs analysis, it can be inferred that the NKTR gene was upregulated 4-fold. This gene is expressed in natural killer cells as a multi-domain structure (20) with a peptidyl-prolyl cis-trans isomerase activity in oligopeptides assisting protein folding (21) and a putative tumor-recognition complex participating in NK cells function (20) . PLGLB1 is a 4-fold upregulated gene expressed a plasminogen-like protein B found to bind to lysine binding sites present in the kringle structures of plasminogen (22) . Similarly, CHI3L1 expression by approximately 4-fold plays an important role in tissue remodeling, and helps to cope with the changes in environment, T-helper cell type 2 inflammatory response and interleukin-3 induced inflammation, as well as inflammatory cell apoptosis (23, 24) .
In conclusion, COPD is a lung disease ranked third as a reason for mortality worldwide (13) This disease is influenced by both genetic and environmental factors. Cigarette smokers are the topmost risk factor in the western world. COPD constitutes the leading cause of mortality related to environmental factors such as smoking. Exacerbation of COPD exhibits various symptoms that include cough, production of sputum or shortness of breath. It can be caused either by bacterial or viral infections or inhaled particles. The genetic factor can also be helpful in determining the frequency of this disease. In this study, we performed differential gene expression analysis of 30 samples belonging to two different tissue types -severe emphysematous tissue and normal/mildly emphysematous lung tissue from smokers suspicious of lung cancer. We identified approximately 623 DEGs having 2-or more fold-change in their expression level, out of which 6 genes have 4-fold change, and 47 genes have a 3-fold change in the expression. We also performed GO enrichment analysis which uncovers fruitful knowledge that can be further validated from wet lab. 
